We present electronic transport and magnetic properties of single crystals of semimetallic half-Heusler phase LuPdBi, having theoretically predicted band inversion requisite for nontrivial topological properties. The compound exhibits superconductivity below a critical temperature T c = 1.8 K, with a zero-temperature upper critical field B c2 ≈ 2.3 T. Although superconducting state is clearly reflected in the electrical resistivity and magnetic susceptibility data, no corresponding anomaly can be seen in the specific heat. Temperature dependence of the electrical resistivity suggests existence of two parallel conduction channels: metallic and semiconducting, with the latter making negligible contribution at low temperatures.
als or narrow-band semiconductors. Recently, diamagnetic YPdBi has been reported to exhibit large linear magnetoresistance (LMR) and Shubnikov-de Haas (SdH) quantum oscillations at low temperatures, and its nontrivial topological nature has been evaluated. 29 In turn, CePdBi has shown some features of incipient superconductivity (T c = 1.3 K) emerging in the antiferromagnetic state (T N = 2 K), and a hypothesis on topological character of the compound has also been formulated. 30 Similarly, ErPdBi has been reported to show the coexistence of antiferromagnetism (T N = 1.06 K) and superconductivity (T c = 1.22 K), and hence acclaimed as a new platform for the research of the reciprocity of magnetic order, superconductivity, and nontrivial topological states. 31 However, in our own study on singlecrystalline ErPdBi, we could not confirm those findings because no clear-cut evidence for any intrinsic superconducting state in this material has been observed. 32 Most recently, superconductivity (T c = 1.7 K) has been reported for nonmagnetic LuPdBi, accompanied by a 2D weak antilocalization (WAL) effect. 3 Since the latter feature is considered as a fingerprint of topological surface states, the compound was suggested to be a topological superconductor with Majorana edge states. 3 In this work, we present the results of our comprehensive magnetic susceptibility, specific heat and electrical resistivity measurements performed on high-quality single crystals of LuPdBi. The obtained data are here critically compared with those reported in Ref. 3 .
RESULTS

Electrical resistivity and Hall effect
The temperature dependence of the electrical resistivity, ρ, of the LuPdBi single crystal is shown in Figure 1a . From 300 K down to ≈ 170 K, the resistivity displays a semiconductinglike character (dρ(T )/dT < 0), then at lower temperatures ρ(T ) becomes typical for metals.
Such a behavior of the resistivity is common for the REPdBi compounds. [26] [27] [28] 31, 32 As demonstrated in Figure 1b , the overall behavior of the electrical resistivity in LuPdBi can be well described over an extended range of temperature considering two independent channels for charge transport: semiconducting-and metallic-like. The former contribution is written as ρ s (T ) = a exp(−E g /k B T ), where E g is an energy gap between valence and conduction bands, while the latter one is expressed as ρ m (T ) = ρ 0 + bT 2 + cT , where ρ 0 is the residual resis- tivity due to scattering on structural defects, the second term represents electron-electron scattering processes, while the third one accounts for scattering on phonons. The total conductance, σ(T ) ≡ 1/ρ(T ) is the sum σ(T ) = σ s (T ) + σ m (T ), where σ s (T ) ≡ 1/ρ s (T ) and σ m (T ) ≡ 1/ρ m (T ). Fitting these expressions to the experimental data of LuPdBi in the wide temperature interval from 5 K to 300 K, yielded the parameters: a = 296 mΩcm, E g = 11.5 meV, ρ 0 = 226 mΩcm, b = 0.018 mΩcm/K 2 , and c = 1.72 mΩcm/K. The so-derived energy gap E g is very close to 15.2 meV reported for LuPdBi in Ref. 10 , and very similar to the values reported for other REPdBi phases.
26-28,31,32
It is worth noting that the temperature variation of the resistivity of LuPdBi single crystal obtained in the present work somewhat differs from that reported before by Xu et al. 3 , who observed a monotonous increase of the resistivity with decreasing temperature from 300 to 2 K, and attempted to analyze their ρ(T ) data above 90 K in terms of 3D variable-range hoping model. However, also in that case, the transport at low-temperatures was attributed to the metallic channel (though no quantitative analysis was made).
As displayed in Figure 2a , the Hall resistivity of LuPdBi measured at 2.5 K is a linear function of the applied magnetic field up to 9 T. The Hall coefficient evaluated from this data was R H = 0.0565 mΩcm/T. Almost identical magnitude of R H was derived from ρ xy (B) collected at T = 4, 7, 10 and 50 K (not shown). Assuming a single parabolic band, one may estimate the Hall carrier concentration, n H , to be at low temperatures n H 1.2 × 10 19 cm −3 . Above 50 K, n H was found to increase with increasing temperature and to attain at 300 K a value of 2.8 × 10 19 cm −3 (see Figure 2b) . In turn, as demonstrated in Figure 2c , the soobtained Hall carrier mobility, µ H , gradually decreases with increasing temperature, from the value 2404
The inset to Figure 1a ). Though our sample exhibits the residual resistivity ratio ρ(300 K)/ρ(4 K) of only 1.8, the observation of SdH oscillations described below, indicates its very good quality, which allows us to consider the observed superconductivity to have a clean limit character. Indeed, as displayed in Figure 3b , the experimental B c2 (T ) data can be well approximated in the whole temperature range by the expression B c2 (T ) = B * A critical comment on this data can be found in Supplementary Material.
As shown in the inset to Figure 5 , below 5 K, the C/T (T ) variation can be well described by the standard formula C/T = γ + βT and in zero field, respectively. Remarkably, at 2.5 K MR is as large as 210% in the strongest field of 9 T achievable in our experimental setup. With increasing temperature, MR gradually diminishes, yet even at 300 K it reaches about 30% in B = 9 T, which is a very large value. A striking feature of MR(B) is its linear nonsaturating behavior. Above a certain magnetic field (ranging from 1.5 T at 2.5 K to 3 T at 300 K), MR becomes proportional to B with a slope systematically decreasing with increasing temperature, from about 8%/T at the lowest temperatures, down to 3%/T at 300 K.
In conventional theory of metals and semiconductors, MR should grow quadratically in weak magnetic fields and then saturate in strong fields. 42 Linear magnetoresistance (LMR)
is a phenomenon reported for narrow-gap semiconductors, [43] [44] [45] multi-layered graphene, 46 topological insulators [47] [48] [49] and Dirac semimetals. 50, 51 Two main approaches were made to Abrikosov theory was demonstrated to work correctly for graphene 46 and topological insulator Bi 2 Se 3 nanosheets, 47 with topological surface states possessing a linear energy dispersion over wide temperature interval.
For single-crystalline LuPdBi, the detailed X-ray and microprobe characterization revealed a very good sample quality, which was further confirmed by the observation of SdH oscillations (see below). This prompts us to dismiss the classical theory. On the other hand, the compound shows LMR behavior virtually identical to that reported for silver chalcogenides, interpreted within the quantum magnetoresistance theory. 53 Moreover, the SdH data indicated that the studied crystal was in an EQL regime at temperatures up to at least observed LMR effect is a hallmark of Dirac-like band structure in this putative topological semimetal.
In weak magnetic fields, MR of LuPdBi displays a very abrupt rise. For example, at T = 2.5 K, MR attains a huge value of 150% already in a field of 1.5 T. Similar situation, but with lower MR increase, occurs at higher temperatures, up to 150 K. Such sharp cusps on the MR isotherms are reminiscent of a weak antilocalization (WAL) effect, which relies on destructive interference of the electron wave functions between two closed paths with timereversal symmetry. In topologically nontrivial materials, WAL is enhanced due to ability of topologically protected surface states to collect a π Berry phase due to the helical spin polarization. Thus, the WAL effect may be considered as a manifestation of surface-state transport in LuPdBi.
Taking into account the coexistence in our LuPdBi sample of two parallel conducting channels (see Figure 1b 
where L ϕ stands for a phase coherence length, η is a parameter depending on the strength than that expected for a TI system (see also our comment in Supplementary Material).
Shubnikov-de Haas oscillations
SdH oscillations are being recognized as a powerful tool in the studies of 3D TIs. (Figure 1b) . At low temperatures, the latter makes negligible contribution to the conductivity, but may still play an important role in the Hall effect. However, the SdH oscillations we observe seem to originate from surface carriers. Hence, the Hall resistivity of the surface channel should be used for ∆σ xx (1/B) calculation. It can be easily obtained as ρ s,xy (B) = R s B, where R s is the Hall coefficient of the surface channel, which can be derived from the formula R s = t/(en 2D ), where n 2D is the surface carrier concentration and t is the sample thickness. 
CONCLUSIONS
We synthesized high-quality single crystals and investigated the electronic properties of a putative 3D topological superconductor LuPdBi. The electrical transport in the compound was found to be driven by two parallel conducting channels: metallic and semiconducting, with the negligible contribution of the latter at low temperatures. The superconductivity emerges at T c = 1.9 K and is characterized by the upper critical field B c2 (0) ≤ 2.3 T. It is of type II clean-limit BCS. Remarkably, no feature in the heat capacity is observed near the onset of superconducting state, which rather rules out its bulk character. Instead, we tend to attribute the superconductivity in LuPdBi to the surface states. In summary, based on the results of our study, we postulate that at low temperatures, below about 10 K, LuPdBi effectively becomes a topological insulator, with negligible contribution of its bulk to the electronic transport and with the topological nature of its surface states being clearly reflected in the physical properties. The superconductivity in LuPdBi seems to emerge from the topologicaly protected surface states and further confirmation, both experimental and theoretical, of this conjecture is a challenging task for the future.
METHODS
Material preparation
Single crystals of LuPdBi were grown from Bi flux. The elemental constituents of high purity (Lu: 99.99 wt.%, Pd: 99.999 wt.%, Bi: 99.9999 wt.%), taken in atomic ratio 1:1:12, were placed in an alumina crucible, and sealed under argon atmosphere inside a molybdenum ampule. The reactor was heated slowly up to 1300 • C and kept at this temperature for 15
hours. Next, it was cooled down to 1000
• C at a rate of 3 • C/hour, and then to room temperature at a rate of 5
• C/hour. The crucible with the charge was extracted from the molybdenum ampule, covered with another alumina crucible filled with silica wool and resealed in an evacuated quartz tube. Then, the tube was heated up to 900 K at which point the excess of Bi flux was removed by centrifugation. The crystals obtained by this technique had a shape of cubes or plates, with dimensions up to 0.5 × 0.5 × 0.5 mm 3 or 0.1 × 0.5 × 3 mm 3 , respectively. They had metallic luster and were stable against air and moisture.
Material characterization
Powdered single crystals of LuPdBi were characterized at room temperature by powder X-ray diffraction (PXRD) carried out using an X'pert Pro PANanalitical diffractometer with Cu-Kα radiation. The crystal structure refinements and the theoretical PXRD pattern calculations were done employing the FULLPROF program. 59 Quality of the samples studied was also verified by single crystal X-ray diffraction (SCXRD) performed at room temperature on an Oxford Diffraction Xcalibur four-circle diffractometer equipped with a CCD camera and using Mo-Kα radiation. The SCXRD data analysis was done using the program package SHELXL-97. 60 The results of PXRD and SCXRD investigations are presented in Supplementary Material.
Chemical composition of the LuPdBi crystals was examined on a FEI scanning electron microscope (SEM) equipped with an EDAX Genesis XM4 spectrometer. The specimens were glued to a SEM stub using carbon tape. The crystals were found homogeneous and free of foreign phases, with the chemical compositions very close to the ideal one (for details see Supplementary Material).
Physical measurements
Electrical resistivity and Hall measurements were carried out from 0.4 K to 300 K in applied magnetic fields up to 9 T using a conventional ac four-point technique implemented in 
SUPPLEMENTARY MATERIAL MATERIAL CHARACTERIZATION X-ray diffraction
The PXRD results (see Fig. S1 ) confirmed a single-phase character of the obtained single crystals of LuPdBi. The X-ray diffraction pattern can be fully indexed within the F43m space group, characteristic of half-Heusler compounds, and yields the cubic lattice parameter a = 6.565(1)Å. This value is in perfect accord with the literature value 6.566(1)Å determined for polycrystalline sample, 1 and the value 6.56Å reported for thin films of LuPdBi. Table S2 . Atomic coordinates and equivalent isotropic displacement parameters U (eq) for
LuPdBi. U (eq) is defined as one third of the trace of the orthogonalized U ij tensor. The crystal structure of the studied samples of LuPdBi was also checked by the single crystal X-ray diffraction method. Details on the performed refinement are gathered in Table   S1 . The positional data and the equivalent isotropic displacement parameters are given in Table S2 . The so-refined lattice parameter a = 6.5683(10)Åis very close to that derived from the PXRD data, and thus significantly smaller than the result reported for single-crystalline
LuPdBi by Xu at al. 
ELECTRONIC AND THERMODYNAMIC PROPERTIES WAL parameters
The temperature dependencies of the weak antilocalization parameters Table S3 . When both parameters were free to vary in fitting procedure, the values given in second and fourth columns of the Table S3 2π 2h fixed at the value derived at T = 2.5 K.) can be roughly described by the formula given in Ref. 3 (represented in Fig. S3 by the solid red curve), however such a fit yields the electron-phonon interaction parameter close to zero. The ηe 2 2π 2h parameter derived in Ref. 3 was about an order of magnitude smaller than that obtained on our sample, whereas corresponding values of L ϕ were about twice as large as our Lϕ| η(T =2.5K) data. This is rather a good agreement, taking into account different electronic character of the samples examined in our work and that described in Ref. 3 . It seems to be a common feature of half-Heusler compounds that the values of parameter −η are of order 10 5 − 10 6 , thus much larger than 1/2 expected for 2D TI systems. Apart from LuPdBi it has very recently been observed in samples of LuPtSb, 5 YPtBi and LuPtBi. 6 Authors of all these papers attributed this fairly unexpected result to contributions from bulk or side wall conductivity channels.
Hall parameters
In concert with the previous report, 3 the Hall carrier concentration in the single crystal investigated in our work was found temperature independent below 50 K and then to increase with increasing temperatures. However, in the entire temperature range covered, 
Heat capacity
The striking result reported in Ref. systems LuPtBi and YPtBi, 7, 8 for which the specific heat was found featureless at the superconducting transition. For the latter compound we recently confirmed the lack of any anomaly at T c in our own investigation carried out on high-quality single crystals.
9
The observed discrepancy might be related to the different electronic character of the single crystals studied in our work and those investigated in Ref. 
